We use the Robo-AO survey of Kepler planetary candidate host stars, the largest adaptive optics survey yet performed, to measure the recovery rate of close stellar binaries in Gaia DR2. We find that Gaia recovers binaries consistently down to 1 and at magnitude contrasts as large as 7; close systems are not often not resolved, regardless of secondary brightness. Gaia DR2 binary detection does not have a strong dependence on the orientation of the stellar pairs. We find 177 nearby stars to Kepler planetary candidate host stars in Gaia DR2 that were not detected in the Robo-AO survey, almost all of which are faint (G >20); the remainder were largely targets observed by Robo-AO in poor conditions. If the primary star is the host, the impact on the radii estimates of planet candidates in these systems is likely minimal; many of these faint stars, however, could be faint eclipsing binaries that are the source of a false positive planetary transit signal. With Robo-AO and Gaia combined, we find that 18.7±0.7% of Kepler planet candidate hosts have nearby stars within 4 . We also find 36 nearby stars in Gaia DR2 around 35 planetary candidate host stars detected with K2. The nearby star fraction rate for K2 planetary candidates is significantly lower than that for the primary Kepler mission. The binary recovery rate of Gaia will improve initial radius estimates of future TESS planet candidates significantly, however ground-based high-resolution follow-up observations are still needed for precise characterization and confirmation. The sensitivity of Gaia to closely separated binaries is expected to improve in later data releases.
INTRODUCTION
The Gaia Data Release 2 (DR2) has provided astrometry, parallaxes, and photometry for over a billion stars in the galaxy (Gaia Collaboration et al. 2018a ). Many of these stars are in fact close binaries: approximately half of solar-type stars form with at least one companion (Raghavan et al. 2010; Moe & Di Stefano 2017) . Understanding the multiplicity of stellar populations can provide insight into various stellar formation processes and evolution scenarios (Zhang et al. 2013; Ziegler et al. 2015) , as well as provide constraints for theoretical models and mass-luminosity relationships (Chabrier et al. 2000) . The presence of a previously unknown stellar companion to a transiting-planet-hosting star can substantially increase the estimate of the radius of planets due to the additional flux from the non-transited star (Ciardi et al. 2015; Ziegler et al. 2017a ). The Transiting Exoplanet Survey Satellite (TESS, Ricker et al. 2014) , with detector pixels ∼25× the size of Kepler, will be particularly susceptible to contamination from nearby sources. In addition, there is significant evidence that stellar binaries can sculpt (Ziegler et al. 2018a) or disrupt (Kraus et al. 2016) planetary systems. Many bound systems have sub-arcsecond separations (Ziegler et al. 2018a) and currently require high-angular resolution instruments on the ground to detect.
With a primary mirror 1.45-m in size in the scanning direction (Gaia Collaboration et al. 2016) , the ability of Gaia to resolve close binaries should be comparable to the Hubble Space Telescope. Gaia Data Release 1 was limited to angular resolutions of 2-4 due to data processing limitations (Arenou et al. 2017) . DR2 greatly improved on this, sensitive to most > 2 pairs, but only a small fraction of sub-arcsecond pairs were resolved (Arenou et al. 2018) . The probability that Gaia will resolve stellar binaries is not solely a function of separation, however, but also of the flux ratio of the pair and, due to the rectangular pixels of Gaia induced by the scanning direction, the position angle between the two stars (de Bruijne et al. 2015) . The close binaries not resolved in DR2 are handled as single objects, with blended photometry and occasional spurious astrometric solutions (Arenou et al. 2018) .
There is also the potential for spurious source detections in Gaia DR2. The dominant source of these detections is from diffraction spikes around stars brighter than 16 mag (Fabricius et al. 2016) . Many of these spurious detections are identified by comparing data from multiple transits (i.e., checking whether the source is consistent in subsequent observations).
A fraction of these erroneous detections (less than 20%) remained in the Gaia Data Release 1, with DR2 expected to be significantly cleaner (Gaia Collaboration et al. 2018a) .
The Robo-AO Kepler survey, the largest adaptive optics survey yet performed, with 3857 planetary candidate host stars observed, is an excellent test of the recovery rate of binaries in Gaia DR2. Robo-AO, the first autonomous adaptive optics instrument, detected 620 companions 14 at separations between 0. 15 and 4. 0 and at contrasts up to 7 mags Baranec et al. 2016; Ziegler et al. 2017a,b) . The set of Kepler planet candidates host stars are largely 12<G<17, a brightness regime nearly complete in DR2 (Arenou et al. 2018) , and detected companions down to the Gaia faint limit (G≈21). With this large homogeneous set of highangular resolution observations, the ability of Gaia to recover binaries as a function of separation, contrast, and orientation can be finely quantified.
We begin in Section 2 by briefly describing the Robo-AO system and the Robo-AO observations of Kepler planetary candidates. We then describe the crossmatching of the Robo-AO detections with the Gaia DR2 catalog. We present and discuss the results in Section 3, including the implications for future transiting planet surveys, and conclude in Section 4.
2. METHODOLOGY 2.1. Robo-AO Observations Observations in the survey were performed using the Robo-AO automated laser adaptive optics system at Palomar and Kitt Peak (Baranec et al. , 2017 Jensen-Clem et al. 2018 ) that can efficiently perform large, high angular resolution surveys. The adaptive optics system runs at a loop rate of 1.2 kHz to correct high-order wavefront aberrations, delivering median Strehl ratios of 9% and 4% in the i -band at Palomar and Kitt Peak, respectively. Observations were between 90 and 120 s, and taken in a long-pass filter cutting on at 600 nm. The LP600 filter approximates the Kepler passband at redder wavelengths, while also suppressing blue wavelengths that reduce adaptive optics performance. The LP600 passband is compared to the Kepler passband in Figure 1 of Law et al. (2014) . We obtained high-angular-resolution images of 3313 KOIs with Robo-AO between 2012 July 16 and 2015 June 12 (UT) at the Palomar 1.5m telescope. We observed 532 additional KOIs with Robo-AO between 2016 June 8 and 2016 July 15 (UT) at the Kitt Peak 2.1m telescope.
Gaia-Kepler Crossmatching
The positions of the Kepler planetary candidates (Mathur et al. 2017; Thompson et al. 2018) were cross-matched on the Gaia online archive service 15 with an advanced Astronomical Data Query Language (ADQL) search. This provided a list of sources in Gaia DR2 within 5 of each planet candidate host star. To identify the likely primary star in multiple systems, we applied a magnitude cut using the Kepler magnitude of the host star and the Gaia G-magnitude of each source. The star with a G-magnitude within 1 magnitude of the host star's Kepler magnitude was determined to be the primary star. If multiple stars had nearly equivalent brightness, or if no star had a magnitude similar to that in the Kepler catalog, the closest 14 For brevity we denote stars which we found within our detection radius of KOIs as "companions," in the sense that they are asterisms associated on the sky. For more on the probability of association between each pair of stars, see Ziegler et al. (2018b) .
15 http://gea.esac.esa.int/archive/ star to the coordinates of the planet candidate host star was determined to be the primary star. In general, the coordinates of the primary star were within 0. 20 of the positions reported in the Kepler catalog. Several planet candidate host stars had no clear source in Gaia DR2: KOI-98, 227, 640, 959, 1152, and 6728 . These systems have been excluded from this analysis. We searched for potential spurious detections in our crossmatch using the Gaia parallaxes and distance solutions of Bailer-Jones et al. (2018) . We found no sources with distances less than 1 pc possibly originating in the solar system or greater than 20 kpc extra-galactic in our sample. Likewise, none had parallaxes greater than 1 or less than 0.05 mas. None of our sources were found in the catalog of known solar system objects (Gaia Collaboration et al. 2018b) . Lastly, the majority of the stars have magnitudes in two additional photometric bands (BP in the blue, and RP in the red) obtained from integrating the Gaia prism spectra. All of the planet candidate hosts and nearby stars with the available photometry had reasonable colors (-1<(BP-RP)<4), consistent with that of a stellar source .
The separation and contrast of any additional sources detected in the area of sky around each host star were compared to the companion properties measured by Robo-AO. The Robo-AO observations were performed between 2012 and 2016, and the positions of the primary and secondary stars have likely shifted with respect to the Gaia reference epoch (J2015.5). We used the positions and proper motion of the stars detected by Gaia to determine their positions when the Robo-AO observations were performed, using the Astropy software package (The Astropy Collaboration et al. 2018) .
The complete list of detections of nearby stars to planet candidate host stars is available in Table 2 . Nearby stars in Gaia DR2 with similar contrasts and separations (G-magnitude within 1 magnitude and separations within 0. 20) to the nearby stars detected using Robo-AO were classified as "recovered," and nearby stars detected with Robo-AO that are not in Gaia DR2 were classified as "not-recovered." We also search for nearby stars in the Gaia DR2 catalog that were not detected by Robo-AO, and list these detections in Table 3 (systems with more than two stars have additional rows for each nearby star). The separation and position angle of these binaries were calculated using the Gaia coordinates using the Astropy software package (The Astropy Collaboration et al. 2018) , and the magnitude contrast is calculated from the reported Gaia magnitudes.
In addition to searching around planet candidates from the primary Kepler mission, we also searched Gaia DR2 for sources nearby planetary candidates identified from the ongoing K2 mission. We acquired a list of these planet candidates, 773 in total, and their positions, sourced from EPIC , from the NASA Exoplanet Archive 16 . A list of sources from DR2 within 5 of the positions of the candidates was generated, and the host star was identified with magnitude cuts using the Kepler magnitude and Gaia G-magnitude. Detections of sources nearby K2 planet candidate host stars are listed in Table 1 in Gaia DR2. The recovery classifications for each star is listed in Table 2 , along with the Robo-AO measured binary properties and Gaia DR2 source IDs for the primary and recovered secondary stars.
In general, most stars within 1 of the planetary candidate host star were not recovered (22.4% recovery rate), and stars at separations greater than 2 were nearly all recovered (93% recovery rate) down to the Gaia faint limit. These recovery rates could potentially be influenced by the ability of Robo-AO to detect binaries at given separations and contrasts in some observations due to low-image performance, resulting from bad seeing or a faint target star. For magnitude contrasts less than 3, a region of high completeness for Robo-AO (companions at separations from 0. 15 to 4 are detectable in nearly all images), the recovery rate is 22.9% within 1 , and 97% at separations greater than 2 . For Kepler planet candidate hosts, the majority of stars within 1 are members of likely bound stellar pairs, and their influence can have a significant impact on the architecture of the planetary system (Ziegler et al. 2018a) . In Figure 1 , we plot the Robo-AO detections recovered and not-recovered by Gaia, as well as the fraction of binaries recovered as a function of magnitude difference and separation.
We also find that the recovery rate at low-separations does not depend on the brightness of the secondary star. In Figure 2 , we plot the fraction of binaries recovered as a function of the secondary star's magnitude and separation. We find that even at the bright end (m G <13), very few stars are detected within 1 of the primary star.
The rectangular Gaia pixels (with a 3:1 size ratio between across-scan and along-scan pixels) may introduce an orientation dependence to the ability of Gaia to resolve close binaries (de Bruijne et al. 2015) . This asymmetric sensitivity is not expected to impact the final Gaia catalog, as each object Figure 1 , however plotted as a function of the secondary star G-magnitude. For recovered binaries, the secondary magnitude was measured by Gaia; for non-recovered binaries, this magnitude is approximate and estimated using the primary star's G-magnitude plus the visible contrast measured by Robo-AO. Most stars within 1 are not recovered, and the recovery rate at low-separations is not dependent on secondary magnitude.
will be observed approximately 70 times at various orientations. However, it may be apparent in the recovery rate of binaries in the DR2 catalog, which is based on 22 months of data collection. In Figure 3 , we plot the fraction of stars detected with Robo-AO recovered in Gaia DR2 as a function of position angle. The recovery rates in six position angle bins are all consistent with the overall recovery fraction. If we limit the set to only small-separation binaries (ρ<2 ), as most of the variation in recovery will likely occur at these smaller separations, the recovery rate is consistent across all position angles.
New Gaia Detections around Kepler Planet Candidates
Within 4 of the 3857 Kepler planetary candidate host stars observed by Robo-AO, Gaia DR2 catalogs 177 nearby stars around 163 host stars that were not detected in the Robo-AO survey. The properties of these nearby stars, calculated from the Gaia astrometry and photometry, are listed in Table 3 . The majority of these detections fall outside of the sensitivity of Robo-AO, including nearly two-thirds (65%) fainter than 20 mag. Longer integration times with Robo-AO could potentially observe some of these faint stars. We searched the Robo-AO images for any detection of a companion at the purported position of the nearby stars detected by Gaia (accounting for proper motion shift). None were detected with 5σ significance, however several low-significance detections were apparent to visual inspection. A future study using highresolution data from a large-aperture telescope (such as Keck-AO) could potentially determine the validity of these faint Gaia detections nearby bright stars.
Altogether, approximately 99.5% of secondary stars with G <18 detected by Gaia were also detected in the Robo- . Nearby stars to Kepler planetary candidates in Gaia DR2 that were not detected in Robo-AO images. Typical contrast curves for Robo-AO, in approximate Gaia g-band magnitudes, are included for three image performance groups. The majority of these nearby stars were too faint for a significant detection in the Robo-AO images.
AO Kepler survey. The exceptions, all from particularly lowperformance observations with shallow contrast curves, are secondaries in DR2 nearby KOI-118, 433, and 5736. The properties of the new detections are plotted in Figure 4 , along with typical Robo-AO visible-light contrast curves for three image performance groups, determined using the PSF core size as described in Law et al. (2014) .
The Robo-AO Kepler survey found a nearby star fraction rate of 14.5±0.6% in the Robo-AO detectability range (separations between ∼0. 15 and 4. 0 and ∆m≤6). With the additional nearby stars in Gaia DR2 combined with the Robo-AO detections, the nearby star rate of Kepler planet candidate hosts is 18.7±0.7%. Outside of 1 , where Gaia recovers the majority of binaries, the nearby star fraction rate for Robo-AO and Gaia is 11.3±0.5%.
Kepler planetary candidate radii
A nearby star in the same photometric aperture as the target star will dilute the observed transit depth, resulting in underestimated radius estimates. In systems with a detected nearby star by Robo-AO, the estimated planetary radius will increase by a factor of 2.18, on average, if either star is assumed to be equally likely to host the planet Ziegler et al. (2017a) . For just systems with likely bound stars, determined with photometric parallaxes, the radii will increase by a factor of 1.77, on average (Ziegler et al. 2018a) .
The nearby stars in Gaia DR2 that were not detected by Robo-AO are, in general, faint and widely separated from the host star. Galactic simulations suggest that the majority of these stars are likely not bound to the primary star (Horch et al. 2014; Ziegler et al. 2018a) . Assuming the planet indeed orbits the primary star, we use the relation from Law et al. (2014) to correct for the transit dilution,
where R p,A is the corrected radius of the planet orbiting the primary star, R p,0 is the original planetary radius estimate based on the diluted transit signal, and F A is the fraction of flux within the aperture from the primary star.
With the high contrasts of the newly detected Gaia stars, their contamination of the Kepler light curves is minimal. Using the Gaia photometry as a proxy for the Kepler photometry, if the transiting planet candidates orbit the primary star, their radii will increase by a factor of 1.007 due to the additional flux from these faint stars.
If instead, these planets orbit the secondary star, the corrected planet radius estimate relies on the radius of the secondary star, which is generally not known without color information. If we assume that all nearby stars are bound to the primary star, and use as the secondary radius the radius of an appropriately fainter star within the Dartmouth stellar models (Dotter et al. 2008) , we can use the relation
where R p,B is the corrected radius of the planet orbiting the secondary star bound to the primary star, R B and R A are the stellar radii of the secondary and primary star, respectively, and F B is the fraction of flux within the aperture from the secondary star. In this scenario, the planetary radii will increase by, on average, a factor of 8.2 in these systems. This scenario is unrealistic, however, and leads to a planetary population with a large fraction of gas giants, which is inconsistent with the understood planet occurrence rates of the galaxy (Howard et al. 2012 ). This scenario should be investigated for rare, difficult-to-model systems, such as those with unlikely dynamical properties, where one or more planet candidates could, in fact, be associated with the secondary star.
3.4. Nearby Stars in Gaia to K2 Planet Candidates We searched for nearby stars in the Gaia DR2 catalog around 773 K2 planet candidates from the first eight K2 campaigns, as listed on the NASA Exoplanet Archive. We found 36 nearby stars around 35 planet candidate hosts. The properties of these detected stars are listed in Table 1 and plotted in Figure 5 .
The fraction of nearby stars in Gaia DR2 to K2 planetary candidates (4.5%) is significantly lower than that of Kepler planet candidates (9.7%). The disparity between the nearby star fraction of Kepler and K2 planet candidate hosts may be due to the K2 fields, which follow the ecliptic, appearing in less dense stellar regions with fewer unassociated background or foreground stars. The K2 targets lie, on average, at approximately |b|=38
• , far from the galactic plane and a significantly less dense region of the sky than the primary Kepler mission (which had a center of field at b=14
• ). In addition, Gaia operates with a scanning law that passes through the north and south ecliptic poles every six hours, resulting in over twice as many observations at high ecliptic latitudes, such as the original Kepler field, as at the ecliptic plane, where the K2 fields lie (Gaia Collaboration et al. 2016) . The additional observations likely improved the sensitivity of Gaia to closely separated stars in the K2 fields (de Bruijne et al. 2015) .
Lastly, part of the disparity between the two samples may also in part be due to the larger fraction of late-type stars in K2 , which have, at these distances, an adaptive optics resolvable binarity rate of approximately half that of solar-type stars (Law et al. 2005; Janson et al. 2012) . Indeed, only 2 of the 36 (5.5%) nearby stars to K2 candidates in Gaia DR2 lie at separations less than 1. 5, compared to 78 of 420 (17.3%) for the Kepler candidates, consistent with a low inherent binarity rate in the K2 sample.
Crossfield et al. (2016) observed in high-resolution 164 of the candidate planets from K2 campaigns 0-4 using Keck-AO, Palomar PHARO/PALM-3000, LBT-LMIRCam, Gemini-NIRI, and Robo-AO. Within the separation range in which Gaia has high binary recovery rate (1-4 ), 22 nearby stars were detected around 20 planet candidate hosts, for a nearby star fraction rate of 12.2%. Only 7 of the 20 multiple systems were detected by Gaia: EPIC 201546283, 201828749, 202066537, 205029914, 210666756, 210958990, 203099398 . This recovery rate (35%) is significantly less than that for Kepler planet candidates within the same separation range (82%).
The reason for the low binary recovery rate of Gaia DR2 compared to the high-resolution imaging in the K2 fields is unclear. Arenou et al. (2018) found that DR2 recovered significantly more close binaries in low-density fields, similar to the first five K2 campaign fields. The majority of the observations performed in Crossfield et al. (2016) were done in the NIR, with 10 of 13 of the binary systems not detected in Gaia Figure 6 . A 21 square region of sky, the area subtended by a single TESS pixel, from a Robo-AO image centered on a super-Earth-sized planet candidate host, KOI-4725, located at b=7.6. For comparison, the pixel size of Kepler has been drawn. The transit signal from this planet candidate, if detected by TESS, would be diluted by multiple additional sources within the same photometric aperture (most TESS fields will, however, be in less crowded fields than the original Kepler field). If not accounted for, the planetary candidate radius would be significantly underestimated due to this contamination; in this illustration, the planet candidate would exhibit a transit depth in uncorrected TESS data similar to an Earth-sized rocky planet. Each of these additional sources in this field is identified in Gaia DR2.
DR2 having contrasts greater than 5 magnitude. It is possible that the secondary stars in these systems are below the Gaia faint limit in the visible.
Unlike with the Kepler planet candidates, the dilution from nearby stars detected with high-resolution imaging has already been taken into account in many of the K2 planet candidate's reported radii estimates (e.g., Crossfield et al. (2016) ). In addition, the literature has significant variations in the planetary radius estimates of many K2 planets, particularly those around late-type stars. This is largely due to highly uncertain stellar parameters derived from photometry alone. Consequently, we do not report radius corrections for the K2 candidates with detected nearby stars in Gaia DR2.
3.5. Implications for TESS TESS, launched in April 2018, will search nearly the entire sky for transiting planets around bright, nearby stars (Ricker et al. 2014) . Simulations estimate that TESS will detect over 10,000 exoplanets, including approximately 250 potentially rocky planets . With significantly larger pixels than Kepler (21 compared to 4 ), the TESS light curves for most targeted stars will have some contamination from nearby stars (see Figure 6 ). In the case of a transiting planet, this additional flux dilutes the transit signal, resulting in underestimated planetary radii.
Ground-based, wide-field surveys, such as 2MASS or SDSS, typically detect near-equal contrast companions to within separations of 3 (Ziegler et al. 2017a ). The recovery of nearby stars to Kepler planet candidates proves that Gaia DR2 is a far more complete census of the stellar population in the vicinity of TESS targets. Gaia specifically is not sensitive to low-contrast, sub-arcsecond companions (although unresolved low-mass binaries may be identified, if not characterized, by their presence above the main-sequence us- ing the precise parallaxes and stellar properties resulting from Gaia DR2 (Berger et al. 2018)). Ziegler et al. (2017a) found that for systems with Robo-AO detected nearby stars, the estimated radii of Kepler planet candidates will increase by a factor of 1.54, on average, assuming the planet is equally likely to orbit the primary or secondary star. Using instead only the nearby stars detected by Gaia, including those not detected by Robo-AO, the planet candidates radii estimates will increase by a factor of 2.47, under the same assumptions. Of course, the stars detected by Gaia DR2 are, in general, much fainter and widely separated and are unlikely to be bound to the primary star (Horch et al. 2014; Ziegler et al. 2018a) . The scenario in which the primary and secondary star are equally likely to host the star is not likely and leads to a high occurrence rate of Jupiter-sized planets that has not been observed (Howard et al. 2012) . If instead, all planets orbit the primary star, the additional flux from the Gaia detected stars will lead to the radii of planet candidates in multiple systems increasing by a factor of 1.12, on average. With Gaia DR2, the properties of a large number of nearby stars not resolved in seeing-limited ground-based surveys will be readily available, greatly improving the initial radius estimates of detected TESS planets. Ultimately, however, the TESS planet candidates will each require ground-based highresolution follow-up observations to identify the close, likely bound stars, as well as provide more precise characterization and confirmation. With Gaia DR2 alone, the radius estimates of 254 Kepler planet candidates would be underestimated due to non-recovery of close binaries which could be detected with high-resolution instruments. Fortunately, the brightness of the TESS targets, typically 2-5 mag brighter than Kepler targets, will allow smaller telescopes with less-costly highangular resolution instruments, using methods such as speckle (Horch et al. 2014) or lucky imaging (Law et al. 2006) , to be able to detect a large fraction of the sub-arcsecond companions which are not recovered by Gaia. In addition, as the TESS targets will be significantly closer than for Kepler, the on-sky angular separation of binaries will increase, allowing a larger fraction of binaries to be detected by diffraction-limited instruments on meter-class telescopes.
In addition, with multiple stars contributing to a single cumulative TESS light curve in which a purported planet transit signal is detected, it may be unclear which star is the source of the brightness dip (i.e., whether the transit is indeed a planet around the bright star, or a faint background eclipsing binary). The Kepler pipeline identifies some astrophysical false positives through a variety of tests, such as significant secondary transit events or in-and out-of-transit centroid shifts (Coughlin et al. 2016) . The latter of these tests will be more difficult with the lower resolution and coarser plate scale of TESS.
CONCLUSION
We found that the majority of binaries from the Robo-AO Kepler survey with separations greater than 1 were recovered in Gaia DR2 with magnitude contrasts as large as 7. Binaries with separations less than 0. 75 were typically not recovered, regardless of secondary brightness. We find that the recovery rate of binaries by Gaia is not dependent on position angle. We found 177 nearby stars to Kepler planetary can-didates in DR2 that were not detected by Robo-AO. These newly detected stars are faint and likely not bound to the primary, and their impact on the planet candidate radii estimates is likely minimal. Between Robo-AO and Gaia, we found that 18.7±0.7% of Kepler planet candidate hosts have nearby stars within 4 . In addition, we found 36 nearby stars around 35 K2 planetary candidates, and the K2 planet hosts displayed a significantly lower nearby star fraction rate than the Kepler planet hosts.
With years of observations to come, it is expected that the sensitivity of Gaia will improve in later data releases, converging on the simulated recovery rate reported by Arenou et al. (2017) , with most binaries outside of 0. 5 detected. At present, Gaia DR2 will improve initial TESS planet radius estimates by identifying contaminating sources within the same pixel as the planet host star. For precise characterization and confirmation, however, further ground-based high-resolution follow-up observations will be required.
A future analysis will use existing Keck-AO observations of Kepler planet candidates performed by the Robo-AO team, as well as available archival data, to further test the sensitivity to close stellar binaries in Gaia DR2 and subsequent catalogs. The astrometric and photometric precision achieved by Gaia for stars in close proximity will be compared to that of single stars. With the deep imaging available with a large-aperture telescope, we will also be able to confirm or refute the existence of faint, potentially spurious, sources detected by Gaia near bright stars. The Robo-AO team thanks NSF and NOAO for making the Kitt Peak 2.1-m telescope available. Robo-AO KP is a partnership between the California Institute of Technology, the University of Hawai'i, the University of North Carolina at Chapel Hill, the Inter-University Centre for Astronomy and Astrophysics (IUCAA) at Pune, India, and the National Central University, Taiwan. The Murty family feels very happy to have added a small value to this important project. Robo-AO KP is also supported by grants from the John Templeton Foundation and the Mt. Cuba Astronomical Foundation.
This research has made use of the NASA Exoplanet Archive, which is operated by the California Institute of Technology, under contract with the National Aeronautics and Space Administration under the Exoplanet Exploration Program. This work has made use of data from the European Space Agency (ESA) mission Gaia (https://www.cosmos.esa.int/gaia), processed by the Gaia Data Processing and Analysis Consortium (DPAC, https://www.cosmos.esa.int/web/gaia/dpac/consortium). Funding for the DPAC has been provided by national institutions, in particular the institutions participating in the Gaia Multilateral Agreement. This work made use of the gaia-kepler.fun crossmatch database created by Megan Bedell.
We thank the anonymous referee for her or his careful analysis and useful comments on the manuscript.
Facilities: PO:1.5m (Robo-AO), KPNO:2.1m (Robo-AO), Gaia 
